INTRODUCTION

Hardware Required
These programs, modified from earlier programs written for the HewlettPackard (HP) model 9831 computer and 9872 plotter combination (Ludwig, 1979) , are specifically written for an HP-9830 computer with an HP-9862 plotter and are optimized for these slower and less powerful machines. The programs require a Hewlett-Packard model HP-9830 desktop computer with 8K words of memory, a plotter ROM and string-variable ROM, an HP-9862 plotter, and a printer set to a select code of 15. Three files must be created in the tape cassette to run the program. The first two should be 4100 words in length (for the plotter segments, parts 1 and 2), and the third should be 1100 words in length (the data-file program). Additional files of 500 words are used to store the data. Note that the file numbers of the two plotter segments are given in line number 90 of the first plotter-program segment. These must be changed to the actual file numbers used before the program is stored.
Purpose and Scope of Programs
These programs are designed to store and plot U-Pb isotope data in the form 206 Pb( rad1ogenic )/238 U, 207 Pb( radiogen1c )/ 235U, the errors and errorcorrelations associated with these two parameters, and alphanumeric samplenames for each data point. Once stored in a data file, the data can be edited or added to and re-stored on tape. The plotting segment of the program will draw a concordia diagram (of the conventional form, i.e., 206po/238tl versus 207 Pb/235 U) with user-specified limits, and plot data either from data files or keyboard entry using a variety of symbols or an error-ellipse. These data can then be used to define a least-squares regression line, with intercepts and intercept uncertainties of the line with the concordia curve calculated by the program.
OPERATION OF DATA FILE PROGRAM
Load the appropriate file into the computer memory. The first display (after executing a RUN command) is CREATE(l) ADD(2) EDIT(3) PRINT(4)?» (1) permits creation of a new data file (no previous data); (2) permits adding to an existing file; (3) permits editing of existing data, and (4) permits printing out of all of the data in a data file.
CREATE option:
The first display, FILE NAME?, requests a name (no more than 20 characters long) for the new data file. The next display, SAMPLE NAME?, request a name (no more than 12 characters long) for the data set. (Ludwig, 1980) . The computer will then request the name and data for the next data set, and so on, until the user escapes the cycle by answering the SAMPLE NAME? query with a space (space bar). The display will then be STORE IN FILEI?. If you do not wish to store the data on tape yet, enter a space. Otherwise, enter the file number (must be at least 400 words marked length) of the file to receive the data.
ADD OPTION:
The first display will be DATA FROM FILE*?. If the data is already in memory, enter a space. Otherwise, enter the file number of the data-file of interest. The additional data will then be requested as above.
EDIT OPTION:
Enter the set number to be edited when requested, and enter the edited data as a new entry. When all required sets have been edited, answer the EDIT SET#? query with a space.
PRINT OPTION:
Operation is straightforward. Remember, it is not necessary to specify a file number for loading of data if the data is already in memory, nor for storing of data if the data in memory is not ready for permanent storage. The plotter will then draw the plot box, selecting appropriate tick intervals, label the ticks (centered and left-justified) and axes, and draw the concordia curve with labeled ticks.
The next display will be DATA SYMBOL OR CODE?, followed in 1.5 seconds by P=POLYGON, E=ERROR ELLIPSE?. An input of P permits plotting of data using any regular polygon for a symbol, as defined by the # SIDES, ROTATION, SIZE (1-10)? query. Enter 3 values in response, the first indicating how many sides to the polygon (e.g. 3 yields a triangle), the second indicating the rotational orientation of one of its vertices (measured in degrees anticlockwise from the 3 o'clock orientation), the third indicating relative size (sizes of 2 to 4 are most useful). A lower-case P will give an open polygon whereas an upper-case P will give a solid polygon.
An input of E will give an error ellipse as the plotting symbol, with the dimensions and shape defined (at the 20 level) by the errors and error correlations of the data-points. Again, lower-case E yields an open symbol, whereas upper-case E gives a solid symbol.
An input of L will permit lettering of any phrase on the plot, and is followed by a LETTER SIZE (.5-2), ANGLE? display. Input two values, the first being the relative size of the letters, the second the anti-clockwise angle from the horizontal at which the phrase is to be lettered. The next display will be a question mark, at which point the four arrow-symbol keys at the top of the keyboard are used to position the pen for lettering. When the pen is properly positioned, press the STOP key. In answer to the PHRASE? display, type in the phrase to be lettered, then press the EXECUTE key.
Any other symmetrical symbol, such as X, +, *, or 0 may also be used as a plotting symbol.
After choosing the plotting symbol, the display will be DATA FILE SETS? if a data-file was loaded into memory. If one number is entered, the data for that set number of the data-file in memory will be plotted. If two numbers separated by a comma are entered, all data sets between the two numbers (inclusive) will be plotted (e.g., 5, 8 will result in sets 5, 6, 7 and 8 being plotted). To enter data from a data file not in memory, preface the set numbers by the letters DF followed by the data-file number. Thus the input DF7,2,5 would give sets 2 through 5 from data file 7. To enter data from the keyboard, answer the DATA-FILE SETS? query with a space.
If no data-file is loaded into memory, or if data are to be input from the keyboard instead of from a data-file, the display will be 6/8, ERR, 7/5, ERR, CORREL.?. Enter five values, as defined in the data file segment instructions, or enter a space if no more data is to be entered. Remember, errors must be entered in percent and at the 2a level.
The display SET TO BE CORRECTED (0=OK)? requests the set number (as defined in the just-printed list) of any incorrectly entered set. If the response is a nonzero number, data for that set (from the keyboard only) will be re-requested. If the response is 0, the data will be plotted.
The next display will be YORKFIT? 1=YES?. Enter a zero if you do not wish a regression line to be calculated for the plotted data, or if the data are to be combined with additional data for regression. If the Yorkfit (regression calculation) is declined, the display will be DATA TO BE RETAINED? 1-YES? Enter 1 if the plotted data are to be combined with more data (perhaps with a different plotting symbol or color of pen) for an eventual Yorkfit.
If a Yorkfit is requested, the next segment of the program will be loaded into memory, and an initial York regression calculated in the standard way (York, 1969) , with points weighted according to analytical error and slope, and intercept errors of the Yorkfit line propagated from the analytical errors (MODEL 1). If a chi-square calculation indicates that the assigned errors will result in at least the observed degree of scatter more than 30 percent of the time, the MODEL 1 fit will be automatically accepted. If the calculated probability is less than 30 percent, the regression will be recalculated (MODEL 2) assuming equal weighting of the points and zero correlation of errors (in other words, assuming that nothing is known about the reason for the excess scatter). If the chi-square probability is between 30 percent and 5 percent, the user may choose which model calculation to accept. If the probability is less than 5 percent only the MODEL 2 calculation will be used.
The plotter will then draw the Yorkfit line and solve for the intercepts of the line with the concordia curve, and the intercepts of the 95 percent confidence error-envelope about the line (Ludwig, 1980) . Any insoluble intercepts will be printed out as zero age. The next query will be ENTER 1 FOR ERROR-ENVELOPE PLOT. If 1 is entered, the 95 percent confidence errorenvelope about the least-squares line will be drawn (useful for identifying outlier points and for understanding the age uncertainties). 
